The assembly of photofunctional molecules into host matrices has become an important strategy to achieve tunable fluorescence and to develop intelligent materials. The stimuli-responsive photofunctional materials based on chromophores-assembled layered double hydroxides (LDHs) have received much attention from both academic and industry fields as a result of their advantages, such as high photo/thermal stability, easy processing, and well reversibility, which can construct new types of smart luminescent nanomaterials (e.g., ultrathin film and nanocomposite) for sensor and switch applications. In this paper, external environmental stimuli have mainly involved physical (such as temperature, pressure, light, and electricity ) and chemical factors (such as pH and metal ion); recent progress on the LDH-based organic-inorganic stimuli-responsive materials has been summarized. Moreover, perspectives on further development of these materials are also discussed.
Introduction
The functional material that can respond to different external stimuli is the basis for developing a new generation of intelligent device. Stimuli-responsive organic photofunctional (such as luminescent) materials have attracted significant attention from both fundamental research as well as industry during the last few years, because of their remarkable and sensitive response signal. These photofunctional materials have potential applications in the fields of fluorescent switches and optical recording sensors [1] . Generally, the mechanisms for changing in photofunction of organic materials consist of occurrence of chemical reactions and alteration of the molecular packing mode [2, 3] . Recently, controlling and tuning the molecular packing mode become a main strategy for the design of intelligent luminescent materials, because the solid-state chemical reaction frequently involves relatively low conversion efficiency. Since 2005, several new types of organic luminescent materials with stimuli-responsive properties (such as piezochromic, deformation-induced chromic, photochromic, thermochromic, and humidity colorimetric luminescent systems) have been developed [4] [5] [6] [7] . However, to meet the requirements of responsive luminescent devices or optical sensors, the assembly of ordered thin films with the chromophores on two-dimensional (2D) surfaces remains a challenge, and examples are rather rare.
For an idealized orderly system, the photoactive molecules with regular molecular orientation and intermolecular packing mode are more prone to exhibit systematically responsive behaviors upon external stimuli. Therefore, the control of high orientation of organic molecules is of critical importance to design and fabricate responsive luminescent materials. As well, from a perspective of luminescent efficiency, the aggregates of luminescent molecules are usually readily formed in the solid state, which can lead to an emission shift, line broadening, and even luminescence quenching. Moreover, the thermal/chemical stability and service lifetime of organic materials are generally low for optoelectronic device application [8] . Therefore, how to further enhance the optical performance and stability also became major goals. In addition, from a viewpoint of practical application, fast response, high reversibility, and stable repeatability are all necessary for such responsive materials as sensors and switches. One effective way to realize the regulation and orientation of the organic chromophores is the incorporation of organic photofunctional molecules into solid host matrices, which can also supply a stable environment to enhance the thermo and photostabilities of organic species. In this sense, layered double hydroxides (LDHs) are typical layered host materials, which can be described by the general formula:
/ ⋅ H 2 O (M II and M III are divalent and trivalent metals ions, respectively; A − is an anion) [9] . The structure of the LDH layer is analogous to that of the brucite with edge-sharing M(OH) 6 octahedra, in which partial substitution of M 3+ for M 2+ induces positively charged host layers, balanced by the interlayer anions. Different from most of the cationic clays, the charge density and elemental composition of LDHs can be changed during the synthesis process, favoring finely controlling properties of the host layer. To meet the demands in applications, hundreds of suitable anions have been rationally chosen and intercalated into LDHs for constructing new types of host-guest nanomaterials [10] .
The LDH features 2D channel at the nanometer level, and the nanogallery is usually in the range of 0.3-4 nm [11] ; therefore, most of anionic organic photoactive guests can be incorporated into LDH hosts to obtain inorganic-organic hybrid nanomaterials (as shown in Figure 1 ). These systems show specific physical and chemical performances compared with their individual counterparts, which is beneficial for the fabrication of novel optoelectronic and photofunctional materials: (1) chromophore guest molecules immobilized in the LDH host matrix exhibit optical and thermal stability, environmental compatibility, and low operational risk [12] .
(2) The orientation and arrangement of the chromophores can be tuned by changing the layer charge density and chemical composition, which can further adjust the optical properties of the nanocomposites [13, 14] . (3) LDH host matrix provides chromophore molecules with a confined and stable environment, which reduces molecular thermal agitation (intermolecular collisions, vibrations, and rotations) by host-guest interactions, and the fluorescence quenching is therefore reduced [15, 16] . Recently, according to the principle of molecular design and supramolecular assembly, the inorganic-organic nanomaterials (both powders and thin films) based on the accommodation of chromophore guests into LDH host have been largely developed and have gradually become a fascinating field in luminescent hybrid materials [17, 18] . For example, the polyanion-assembled LDH films exhibit a better UV light resistance ability than the pure polyanion/polycation film. By the use of in-situ photoluminescence technique, [15] it was found that the normalized fluorescence intensity of the anionic poly(pphenylene) (APPP) assembled LDH was larger than that of the APPP/PDDA (poly(dimethyldiallylammonium chloride)) counterpart, demonstrating that the presence of the inorganic LDH nanosheets leads to an enhanced optical stability of the conjugated anions compared with typical organic/organic films. A previous review on LDH-based fluorescent materials has mainly summarized the preparation method and tunable photoluminescent properties [19] . Recently, the host-guest stimuli-responsive luminescent materials have also been studied successively, since the orientation mode of the interlayer chromophores and hostguest interaction can be changed upon external stimuli [20, 21] . In addition, new physical/chemical phenomena have also been obtained based on the theoretical calculations for these hybrid nanomaterials. We believe it is timely and necessary to introduce these new advances to give a better understanding and supply new insights for the design of organicinorganic intelligent nanomaterials. In this paper, we focus our attention on recent progress of the stimuli-responsive photofunctional materials for optical/luminescent switch and sensor applications by assembling photofunctional molecules into LDH nanogallery; by selecting representative stimuliresponsive examples, two types of environmental stimuliphysical stimuli (such as light, pressure, heat, electricity and polarization) and chemical stimuli (pH value and heave metal ions)-were mainly introduced. Finally, perspectives on future development for these materials are also discussed.
LDH-Based Physical
Stimuli-Responsive Materials On heating the BSB/LDH from 20 to 100 ∘ C, the emissive band moves from 444 to 473 nm with a gradual decrease in the luminescence intensity. The emission color changes from blue to bluish green on heating the UTF, and the color change is also visible to the naked eye as shown in the inset of Figure 2(a) . When the UTF was cooled to 20 ∘ C over 2 min, the fluorescence emission can recover its original blue color completely together with the associated reverse spectral changes. The reversible change in luminescence color can also be repeated (Figure 2(a), inset) . For the excited states of the UTF, the fluorescence decay at high temperature is slower than that at low temperature (Figure 2(b) ), and this behavior can be assigned to the formation of an excimer in the UTF. The fluorescence lifetime of the UTFs at 100 ∘ C is 1.9 ns, about twice the value at 20 ∘ C (0.9 ns). These changes in fluorescence lifetime are repeatedly observed on cycling between two typical temperatures ( Figure 2(b) , inset).
In-situ FTIR measurement shows that, as the temperature increases, the most significant change is that the bands at 1652 and 1630 cm −1 broaden and become unresolved for the UTF, suggesting that the skeleton vibration increases dramatically at high temperature and the system becomes relatively disordered compared with that at low temperature. No characteristic band disappears in the whole range, demonstrating no chemical reaction occurs during the heating process. Further molecular dynamic simulation confirms that the TCL performance is mainly associated with the variations in orientation and molecular packing of BSB confined between the LDH nanosheets. Based on TCL performance, it is anticipated that the UTFs can be potentially used as luminescent sensors and molecular thermometers.
The study on the reversible thermochromic materials has attracted more attention due to its wide applications such as optical data storage, security markers for notes and documents, and color-variable clothing [26] . 4-(4-anilinophenylazo)benzenesulfonate (AO5) is a typical azo dye with thermochromic property, which has been used as a thermal sensor, pH indicator, and molecular memory storage due to its tautomerism between the azo A form and hydrazone H form ( Figure 3 ). Such tautomeric equilibrium is sensitive to the external microenvironment (e.g., substituents and solvents). An effective way to enhance the thermochromic performances of this dye is to choose a suitable host matrix for tuning its molecular environment. Wang et al. [25] have fabricated transparent thin films based on AO5 and sodium dodecylbenzene sulfonate (SDS) cointercalated in LDH, which show a fast and repeatable thermochromic behavior. By the use of temperature-dependent UV/visible absorption spectrophotometer, it was observed that the 10% AO5-LDH thin film shows the highest thermochromic efficiency.
At ambient temperature, the AO5-LDH thin film has a maximal absorption at 363 nm ( Figure 4(a) ). Upon increasing temperature, a spectral change occurs with a decrease in the intensity of the band at 363 nm, and a new band appears with increasing intensity at 445 nm. Visually, a color change from light yellow to reddish orange can be observed upon heating the 10% AO5-LDH film from 35 to 65 ∘ C. As the film is cooled to 35 ∘ C, it recovers its original color with the associated converse spectral changes. Figure 4 (b) shows the temperature-dependent absorbance at 445 nm over a complete heating-cooling cycle, confirming the reversibility of the thermochromic performance. Moreover, the film material also shows high thermostability and photostability as a result of the host-guest structure. As the temperature range for the thermochromism covers the body temperature of human beings and the atmosphere, it can be expected that this AO5-LDH film has potential applications in the field of physiological and environmental temperature designation and warning.
Conjugated polydiacetylenes (PDAs) have attracted great attention during the past few years, owing to their significant functionality and wide applicability in colorimetric detection systems [27, 28] . It is highly desirable to achieve sensor and array devices with high stability, reusability, and environmental compatibility by the immobilization of PDAs. Recently, Shi et al. [29] have prepared the 1,3-diacetylene (DA) anion-intercalated LDH nanocomposite films with the aid of a photolithography technique. UV irradiation of the colorless DA-LDH film results in the formation of patterned blue/colorless image ( Figure 5 ∘ C shows an orange-yellow/colorless fluorescence image, which displays a bluish green/colorless fluorescence image when the sample is cooled ( Figure 5 (b) C, D). For the corresponding film with physical mixture of PDA and LDH, no thermal response can be observed for optical image. By the analysis of in-situ Raman spectroscopy, the thermochromic behavior of PDAs/LDH is attributed to strong hydrogen bond interactions between LDH and PDAs.
To date, compared with those of temperature-sensitive materials, the study of piezochromic luminescence (PCL) materials remains in an early stage [30] . The design of PCL materials is of importance to monitor the change in pressure, especially under extreme conditions. It has been recognized that alternating the molecular arrangement mode is a promising strategy to tune the fluorescence of an organic compound. During last 10 years, efforts have been put in the development of pure organic fluorophores with PCL properties, and these materials usually involve an aggregationinduced emission mechanism [31, 32] . However, the rational design and preparation of organic-inorganic hybrid PCL materials remain a considerable challenge.
Recently, we have fabricated a new type of PCL material by the assembly of an organic fluorophore (2,2 -(1,2-ethenediyl)bis [5-[4- 
benzene sulfonate anion, BTZB) into the nanogalleries of LDHs [33] . Such strategy for construction of PCL material is based on the fact that the LDH nanosheets are flexible enough to deform over interlayer bulky guests, and slipping of LDH layer can occur on increasing the external pressure, which can further influence the host-guest interactions [21] . In addition, the long-chain BTZB anion has four rotatable aromatic amine units, and thus its molecular conformation and intermolecular interactions can be tuned more easily by external perturbations than the rigid molecules. Upon increasing pressure, BTZB/LDH nanocomposites exhibit luminescent redshift with a concomitant broadening of the emission, while the pristine BTZB shows no PCL at all. The most significant PCL behavior is present in the BTZB/Mg 2 Al-LDH sample, and the maximum emissive wavelength moves from 452 to 515 nm under different stimuli (Figures 6(a) and 6(b)). The typical photographs of the BTZB/Mg 2 Al-LDH pellet under UV light ( Figure 6 (a), inset) display a visual luminescent change from blue to green upon increasing pressure. The redshift of spectra may be attributed to the formation of J-type aggregates in the nanogallery of LDH. An appreciable change in the UV-vis absorption band of BTZB/Mg 2 Al-LDH nanocomposites was also observed upon compression as shown in Figure 6 (c).
Once the pressed BTZB/Mg 2 Al-LDH sample was ground into powder, heated at 100 ∘ C, and then cooled down, the luminescent peak at 515 nm moved back to 452 nm completely. In addition, the reversible luminescent color change can be readily repeated to switch between two pressures. The reversible changes in fluorescence properties can be recycled at least 3 times. Therefore, it can be concluded that the BTZB-intercalated LDH material exhibits reversible optical responses (luminescent color, absorption band, and fluorescent lifetime) upon changing external pressure; molecular dynamics and periodic density functional theoretical studies demonstrate that the PCL performance originates from changes in the relative orientation and aggregation state of the interlayer BTZB. Such materials may serve as the fluorescent antiforgery devices.
Photoinduced-Responsive Materials.
The photoinduced cis-trans isomerization of organic photofunctional materials (such as Schiff base and azobenzene derivative) has presented many interesting features, and their applications range from electronics to nonlinear devices [34] [35] [36] [37] . In the solid state of these materials, the penetration between adjacent functional group and strong -stacking of chromophores may lead to a lack of sufficient free volume for the isomerization and lead to irreversibility or low efficiency of the process. This is one of the main bottlenecks in developing optical devices with superior optical properties based on the molecular isomerization. LDH nanosheets can provide the organic Journal of Nanomaterials The correlation between the absorbance of the band at 445 nm and temperature over a heating-cooling cycle [25] . chromophores with a rigid and ordered microenvironment, in which the severe interpenetration of the cis-trans groups may be restrained by the isolating effect of the 2D nanosheets. An ordered distribution and alignment of the cis-trans groups with sufficient available free space in the nanogallery between the LDH nanosheets can also facilitate their photoisomerization efficiency. In pioneering works, Tagaya et al. [38] [39] [40] have prepared sulfonated indolinespirobenzopyran (SP) intercalated into the Mg/AI and Zn/Al LDHs, which was premodified by toluene-p-sulfonic acid (PTS). The new intercalated nanocomposites exhibited reversible photoisomerization between SP and merocyanine (MC) as shown in the Figure 7 . It was also noted that the presence of PTS play a key role in the reversible photoisomerization.
Han et al. [41] have reported the fabrication of hybrid ultrathin photoresponsive films based on LBL self-assembly of LDH nanosheets and the azobenzene-containing polymer (PAZO). By irradiating the sample with UV light, there is a progressive decrease in the maximum intensity of - * transition band, and the - * band nearly disappears after sufficient irradiation time, indicating an almost 100% transto-cis photoreaction. The - * absorption band increases again with irradiation by visible light ( > 450 nm), indicative of the cis-trans back-isomerization of azobenzene. Furthermore, alternate irradiation with UV and visible light results in a reversible switching between the trans-and cis-state of the azobenzene group with significant changes in film color. The thin film of azobenzene derivative-intercalated LDH [33] . Figure 7 : Possible mechanism for reversible photoisomerization of MC in LDH [40] .
nanogallery can also influence the surface properties based on the photoisomerization. For example, Chen et al. [42] have fabricated a hybrid film with a fluorine-containing azobenzene within the LDH on a porous anodic alumina/aluminum substrate. Irradiation with UV light led to a switch in wettability of the film from superhydrophobic to hydrophilic as shown in Figure 8 , and this process could be reversed by subsequent irradiation with visible light. Such behavior can be assigned to the difference between the dipole moments of trans-and cis-azobenzene isomers: the film containing the more polar cis-isomer will become more hydrophilic, while the trans-isomer makes the surface hydrophobic. Wang et al. [43] have fabricated optically transparent thin films with photochromic properties by means of cointercalation of azomethine-H anions (AMH) and 1-pentanesulfonate (PS) with different molar ratios into the nanogallery of a ZnAl-LDH. XRD and SEM show that the film exhibits welldefined c-axis orientation. Fluorescence spectra demonstrate that the sample with 2% AMH molar percentage, with respect to the total organic material, exhibits the optimal luminescent intensity. It was observed that the fluorescence lifetime of trans-keto tautomer in the 2% AMH-LDH film is shorter than that of AMH solution, indicating the trans-keto tautomer of AMH is less stable in the 2D confined environment, and the ground state of the enol tautomer is well stabilized in the LDH nanogallery. The results demonstrate an effective method for the preparation of photochromic thin film materials by co-intercalation of chromophore and dispersant into an inorganic 2D host matrix, which can be potentially applied in the field of photoelectronic devices.
Polarized and Electric-Induced Responsive Luminescence.
The device with polarized emission can significantly enhance the quality of the back light of liquid-crystal displays [44, 45] . The LDH nanosheets with a 2D layered structure are intrinsically anisotropic; the luminescent guest with preferred orientation between LDH nanogallery can exhibit special anisotropic emission characteristics. Several examples have demonstrated that the ordered assembly of luminescent molecules into the LDH is undoubtedly favorable to produce a uniform orientation of transition dipole moment for polarized emission [12, 15, 46] . Based on the difference in the emissive colors of the chromophores at different polarization direction, it is possible to develop a new type of color-switching materials upon stimuli by polarized light. Recently, we have fabricated four types of heterogeneous multicolor luminescent UTF materials (blue/red, blue/yellow, blue/green, and red/green emission) by using different photofunctional anions [bis(N-methylacridinium)@polyvi-nylsulfonate ion pairs and anionic derivatives of poly(pphenylene) (APPP), poly(phenylenevinylene) (APPV), and poly(thiophene) (APT)] and LDH nanosheets as building blocks [47] . The strategy for fabricating multicolor luminescent UTFs involves the stepwise assembly of individual luminescent species and LDH nanosheets. Therefore, the composition and loading of the luminescent species are finely controlled by adjusting the assembly sequence and cycle number, which is beneficial to the tunable multicolor emission. By changing the polarization direction of the two-color UTFs with a single excitation wavelength, it was observed that the intensity ratios for the two luminescence spectral regions were different, suggesting that the relative intensities of the two luminescence colors and the overall emission color are tuned by changing the polarization direction. For the (APPP/LDH) 12 /(APPV/LDH) 9 UTF, the ratio of the intensities of luminescence at 410 and 550 nm ( 410 / 550 ) was 1.25 for the VV polarization, while it was only 0.71 for the VH polarization (Figure 9(a) ). For the (APPP/LDH) 12 /(APT/LDH) 9 UTF, the intensity ratio 410 / 575 had values of 1.65 ( VV polarization mode) and 0.94 ( VH polarization mode), respectively ( Figure 9(b) ). The variation in intensity ratio with polarization mode can be associated with the orientation and arrangement of the chromophores in the UTFs. We anticipate that these polarizedresponsive luminescent UTFs can act as a possible color conversion layer in flat-panel displays for future lighting devices.
From a stimuli-responsive perspective, the electroluminescence (EL) can be regarded as an electric-induced responsive luminescence behavior of device. Quantum dots (QDs), with their tunable photoluminescence and band gap, are expected to play an important role in future displays [48, 49] . However, EL devices based on QDs have often suffered from relative low efficiency, short lifetimes, or the need of specialized deposition technique. Bendall et al. [50] have developed an all-inorganic EL device based on highly luminescent CdTe QD assembled LDH nanosheets by using a simple wet chemical process. The operating conditions were chosen to mimic the situation within an automotive environment, and the architecture of the device is shown in Figure 10 . EL emission peak of the device is located at 637 nm. Compared with the photoluminescence (PL) emission peak of the bare QD, no shift in the peak position is detected for the EL peak, and no significant change in the peak width occurs. Such evidence demonstrates that the emission is solely due to the CdTe QD. The advantage of this device is that the operating temperatures can be over 80 ∘ C due to the allinorganic materials. The authors believe the devices will have applications within harsh environments such as automobile lighting and entertainment or outdoor signaling. The ease of fabrication will also provide simple and low cost light sources.
LDH-Based Chemical
Stimuli-Responsive Properties
pH-Responsive Luminescent Materials.
The pH fluorescence chemosensors play critical roles in studying physiological activities influenced by pH value, widely used in fields of analytical chemistry, bioanalytical chemistry, cytobiology, and medical science [53, 54] . The traditional solid host matrix (e.g., sol-gel polymer) has some inherent demerits, such as relatively poor thermal or optical stability as well as toxicity, which have limited the practical application in pH sensors to date. LDHs with a stable interlayer structure have highly enhanced the optical/thermal stability and environmental compatibility of the interlayer chromophore molecules and can be used as a new host matrix in more potential applications. Yan et al. [51] have fabricated a luminescent ordered UTF based on a anionic polythiophene (APT) and Mg-Al-LDH nanosheets by the LBL assembly method. The dependence of the maximum emission wavelength ( max ) on the pH value is divided into three main zones: the max decreases sharply from 591 to 578 nm as the pH value is decreased from 14 to 12; it decreases very slightly from 578 to 574 nm when the pH value decreases from 12 to 8; finally, when the pH value is decreased from 8 to 4, the max undergoes a decrease from 574 to 562 nm, which shows a nearly linear relationship with the pH. The sensitivity of the fluorescence performance of the APT/LDH UTFs to pH value can be attributed to the varying extent of protonation and deprotonation of APT between the LDH nanosheets. Typical photographs of the luminescence of the UTF under two pH conditions are shown in the inset of Figure 11 , from which it can be observed that the UTF shows bright red luminescence and a relatively dark orange color at pH = 13 and pH = 4, respectively, under UV illumination. The APT/LDH UTF also exhibits reversible emissive response at different pH values, indicating its potential application as a pH-sensitive luminescence sensor. Base on the example above, it can be known that the selection of a suitable fluorescent compound with high response to H + in solution is of great importance for fabricating pH-sensitive optical materials. Shi et al. [55] have reported Journal of Nanomaterials a highly oriented photoluminescent film with film thickness of 300 nm based on the fluorescein and 1-heptanesulfonic acid sodium co-intercalated into LDH matrix. The film exhibits a broad linear dynamic range for solution with pH value from 5.02 to 8.54. Good repeatability and reversibility have also been demonstrated: its relative standard deviation (RSD) is less than 1.5% in 20 consecutive cycles.
Metal Ion Responsive Luminescent Materials.
The recognition of heavy metal ions (HMIs) is important in the fields of chemistry, biotechnology, medicine, and environmental science [56] . For instance, HMIs dispersed in an aqueous solution system (such as Hg 2+ and Cd 2+ ) can induce severe pollutions, which give rise to toxication and several diseases of organisms [57] . Thus, fast and effective detection of HMIs has drawn much attention from both scientific and engineering viewpoints during the last few years. The determination of HMIs has been generally carried out based on atomic absorption spectrometry [58] and inductively coupled plasma spectroscopy technique [59] , which not only have good sensitivity and fast measurement capabilities, but also require expensive instruments, well-controlled experimental conditions, and complicated procedures. Due to the high sensitivity, selectivity, fast response, low cost, and easy signal detection, the fluorescence-based chemical analysis should be a good method for determining and monitoring contaminants. In this sense, organic luminescent molecules have recently become good candidates to detect the metal ion, based on the selective quenching effects of the metal ions in the solution of the luminescent molecules [60] . For example, Tao et al. [61] have reported that the synthesized -conjugated polymer exhibits a selective fluorescence quenching by Cu 2+ . Cao et al. [62] found that a metal-organic framework powder exhibited fluorescence quenching by the solutions of HMIs. To date, most of the reported organic luminescence systems used for detecting metal ions are in the form of solution or powder systems, whereas this is unfavorable for its facile manipulation and cycling utility. Moreover, most of the luminescent dye solutions can induce environmental pollution and even operational risk, which are detrimental to human health. Therefore, there continues to be a challenge to develop new types of solid luminescent film systems to meet the need for the integration of high selectivity for the HMIs and efficient manipulation. Mercury is considered one of the most toxic elements which are widely distributed in air, water, and soil [63, 64] . As a consequence of this pollution, mercury can accumulate in the human body, which causes a wide variety of diseases, even in a low concentration, such as digestive, kidney, and neurological disorders. Sun et al. [65] have reported that an optical thin film can serve as chemosensor based on 1-amino-8-naphthol-3,6-disulfonic acid sodium (H-acid) intercalated LDH. The H-acid/LDH film chemosensor was immersed into Hg 2+ aqueous solutions with different concentrations at pH value 7.0 for 10 min then was washed thoroughly, and dried at 60 ∘ C for 20 min. It was found that the fluorescence intensity increases at first to a maximum and then decreases along with the increase of pH value. (from 10 −5 to 10 −2 M) showed the fluorescence intensity of the UTF decreases systematically upon increasing the ion concentration, and the Hg 2+ has the most significant effect on the luminescence quenching of the UTFs with a detection limit of 2.3 × 10 −7 mol⋅L −1 . After the UTF was treated with 0.01 M EDTA aqueous solution for 30 s, followed by thorough washing and drying, the fluorescence intensity can nearly recover to its initial state with 5 cycles at least. Magnesium ion, being the most abundant intracellular divalent cation, plays a major role in many cellular processes including stabilization of DNA conformation, ion transport through the membrane, and signal transduction. Additionally, the activity of magnesium in blood and serum is an important clinical parameter that needs to be monitored in different situations. All these provide sufficient impetus to fabricate chemical sensors for the detection of magnesium [67, 68] . Jin et al. [69] Compared with intensity-based sensors, ratiometric fluorescence systems are preferred in bioimaging applications because such measurement involves the change of intensity ratio of emission at two wavelengths, which eliminates interferences from environment and increases the selectivity and sensitivity effectively. For example, Ji et al. [52] have built a fluorescence sensor for Be 2+ with high selective response by alternate assembly of Beryllon II and Mg-Al-LDH nanosheets on quartz substrates using the LBL deposition technique. The Beryllon II/LDH UTFs displays ratiometric fluorescence response for Be 2+ (Figure 12 
Conclusions and Outlook
The assembly of photoactive chromophore within the nanogallery of LDH can provide a facile way to develop new types of stimuli-responsive materials with host-guest structures, which also present enhanced properties (such as high photo-/optical stability and good operability). By designing and choosing the suitable photoactive chromophores and LDH layers as basic building blocks, these organic-inorganic hybrid nanomaterials (ultrathin films and nanocomposites) have presented promising applications in the field of switches of piezochromic, photochromic, thermochromic, and polarized luminescence as well as pH/metal sensors. To meet the need of practical application, further studies should be put in how to finely regular and control the arrangement and orientation of the guest chromophore and how to maintain the uniform and ordered thin film system. In addition, challenges for stimuli-responsive host-guest materials include how to further enhance the photo-/thermoisomerization efficiency and repeatability. Moreover, despite several researches on single-stimulus-responsive property of such materials, development on multistimuli-responsive smart materials still remains in its fancy and has been very seldom studied. This can be an important strategy and direction to develop multifunctional materials. Last but not least, the response time and on/off ratio of these switches and sensors for realtime applications should also be taken in account in next step researches.
